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The object of this investigation was to datermine 
the alee cf individual eontaets in slicing friction by 
electronically measuring the Guration of individual con- 
tacts. Te accomplieh thia, a fine ingulated tungsten 
Wire ang three heavier tungsten wires were imbaiced in a 
glass prove which was ground so that the enda of the 
tungeten wirem were exposed ani formed a plane. A plane 
surface of 1045 steel waa rotated bensath, and supported 
the probe whieh was held stationary by a pliveted rider 
are, The duration of contacts between the fine insulated 
tun.sten wire and the 1045 eteel plate wae measured 
@lestronioally by a Sanbdorn recoraer, 


Ca@loulations showed that the dlameter of the aver- 
Ree Contact area occuring in sliding friction nas, an 
orier of magnitude between 2 «4 low*em and 6 x 107 om, 
Most of the contact asreae have diameters much aaaller 
than the Glameter of the average contact area. The size 
distribution of the contact areas is such that the log 
of the number of contacts beare &@ linear relationship to 
tne log of the average area for intervals of equal area, 


Further investisation la required to determine the 
effect of contact cGeformation, relative velecity, sure 
Teace finieh anc leading on the sige of individual sontacts 
in gliding friction. 
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Traditionally, the most satisfactory method fer 
treating tne subject of friction has been by the use of 
experizenteally cetermined coefficients. 

in exoresslons like the followinx one for total 
shear force 

r.-— Th 
neither 7 nor A ia xnewn with precision. 7T in facet, may 
vary congiderably from one in&ividual metallic contact 
te another, Thus 4 ie really nothing more than a flee 
ticlieus apparent area which may or may not be the same 
ag tne true aren oY contact, ins nandling moat rractical 
Situations, it 1s not necegsary te Know these quantities 
exactly. However, if the mechanism of friction 16 to be 
more Complistely axplainsed, i1€ setms rersonadle to suprose 
that @ great deal more information concerning the size 
and Gistribution of the individual metallic contacts must 
be obtaingsd. 

Several methods for investigating tre trues area of 
contact between metaliic gurfaces have been devised, 

Hola‘) eatimated the true contact aren by the 
measurement of electrical resistance, There are some 
rather severe restrictions which limit the valicity of 
thia approach, the unpredictable constriction effect uron 


the aceuracy of the resiatance measurements as a true ine 
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dication of the area in contact and the effect of oxide 
film to name but two. 48 beat this gives only a rough 
tndicetion of the true over al1 contact area. It is ime 
poselble to interpret the results in terma of the in- 
uividual contacts, 
Dyson and diret(4) were able to draw several intere 
eetin., cenclusions from their work. 
a) surface finish affecocta the dietribution of the 
areas of contact. 
bo) An increase in the loading increases the number 
of the vroups of individual contacts but not 
their sive. The size of the groups wee eati- 
mated as about .2 mm for the cattern produced 
by preeasins a sliver steel plate against a alli-~ 
ver coated plese of slags, 
e) Only a very small pert of the metallic eurface 
is in contact. 
iere ag@in, the method is not suiteble for the 
Getermination of the individual contact areas. also it 
gives & representation of the static cicture only and tir 
a@eree to whien this can be taken ae an indication of the 
Gyranle picture is not anown. 
deine Feng 8) hag studiec the aurface character 
latice of metais and reports the cdimensions of the scratehes 
produced by diemonéd duet (0 to .5 micren) te be of the 
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orcer of .O1 to .05 microns. Une micren @& le~"em, 
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& dsabinowles hase proposed three interesting thougn 
gom¢what inailrect methods for estimating the average dia- 
meter of the indivicual contacts, 

1. Ag part of his investigation of the static anc 
Kinetic coefficients of friction, fablnowier$®? 
precicta an average contact Clameter of about 
t ® 10-4em for copper on steel. 

2. Rabinowiecr and Tavor'3) estimate the AV ETA ZTE 
weight of transfer particles produced by the 
sliding motion between metaliic surfacee to be 
about 10" ¢rame. By assuming a sleple heni- 
apherilcal model, Aabinewies\é) computed an 


~ 4 om for the 


average dlageter of about 1/7 « li 
indivicual contacts, 

4, The mest recent method used by Kabinowter 8) to 
preagdict the averaxe diameter of the ingividual 
contact ars& comes ag the re#ult ef the anpli-g 
cation of the auto-correlation analyeis of 
@liding friction. ‘The diameter obtainsd by thie 
method is in the order of Lo" em, 

The work of this present investirvation represents 

Gn atieapt to deteruing the magnitude of the average con- 
tact cdliameater in a much more direct manner, The tine that 
& very fine tungsten wire imbedded in glace (Fie. 4) re- 
mains in contact with the eurfuce imverfecticns as it 


moves relative to the face of a sterl plate may be ree 
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corded electronically oy a Sanborn recorder, The probles 
which remains is essentially that of relating thia 
measured contact duration to the intilvidual area of eocne 


tact, 
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The apparatus used to determine the size of ine 
dividual contact areas in alicing frivtion 1s shown in 
Figures 1, c, and 3. Figure 1 ie an overall view of the 
experimental set up, Figure 2@ is 4& closer sice view of 
the iaverted Griil presa. Ficure 3 is a @lose ap showlnay 
in detail the mounting of the gisess probe anc steel plate. 

a Variable spsed gear arive Le used to turn the 
epindle of the inverted drill press. The flat plate 
epecimen of 1045 steel is secured to a circular mount- 
ing vlocx which ie neld in the drill chuck. The steel 
plate rotates beneath and supports the glass probe cane 
taining & fine tunzeten contect wire. The glass crobe 
is held stationary oy e rider arm mounted on & slatform 
which le clamped to the Grill eolwen. The rider arm 
ig piveted about a horisontel axie and balanced to per- 
git the application of any desired total load, The 
steel plate ia ineulated from the mounting block and cone 
nected by wire to one side of a resistance brides. The 
fine tunxeten sontesct wire in the ¢laes «robe is eone 
nected to the other side of the bridve. he resistanee 
bridge le connected to Ene sanborn recorder eo that cone 
tact belwean the steal plate and the tungsten contact 
wire can be recorded on tape. 


The ates] plate was Ppotated at epeeds ranging 
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from .015 to .055 HFM. Phese low eperds were obteined 
by using a belt drive pulley system in conjunction with 
the variable speed gear drive, The lowest steady ro- 
tational speed whioh could be mainteined by the veriabdle 
spesd gear drive with tne pulley combination ueed wae 
owlS aM. The highest epeed of rotation which still per. 
mitted distinguishing between the traces of individual 
contects wae about .U55 are. Speed of rotation waa 
Beasured by counting the cireunferential distance which 
the rotating cirsular mounting olock travelea with re- 
spect to a fixed peinter during one minute. Utividing 
thie clreumferentiai Giaetance uy the total cireusference 
of the circular mountlays block gave the speed of rotation 
im RP kh, 

A sxeton of the glaés probe ia shown in Ficure 4. 
The three relatively lerge diameter tungsten wires were 
undercut euffielently to permit the fine tungsten contact 
Wire to act as @ high snot on that plane. Attaining the 
proper amount of aonderoutting to obtain intersittant cone 
tact between the tunveten contact wire and the steel plate 
WHS a triai prosees which tock considerable tise and 
patience, Iwo representative tape traces whieh show inter 
mittant contact are given in Fiyure 5. Fer both traces the 
arrows beneath the treces point out the start of contact 
aad the arrows aoeve the tracea point out the end of gon- 


tact, ihe duraticn of a single contact Le vcrepertional to 
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the tape distance between the ilaea cf action of any one 
lower arrow and the first upper arrow to the right of 
tnat lower arrow. 

While mesgsuring the size of Individual contacte 
in sliding friction, if was decided to attempt to deo 
termine the effect of three variables: 

1. Surfsee finish 

2. Relative velooity (apeed of rotation) 

3. Load 
Te do this three sets of data were taken. “ach set con- 
Sisted of taking from five to seven tape recerdingsa for 
a given surface Tinisa, a given speed of rotation, and 
fA range of loads (one tepe for each losd). For the first 
two sets of cate the steel clate wae finishes with 2/0 
emery pepper. For the third eet of data the stesl rlate 
was Tinished with #1 ewery paper. In all cases the 
prove was undercut and finished with 2/G emery paper. 
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The Firat two sete of dnta were taxen et the maximum dif 
terence in the sneeds of rotation. The tabulated data 
for each of ine 17 tape recordinge 16 given in Appendix b. 
in order to anelyze the recorded data the Tollow- 
ing aseurptions were mede: 
1. There 1¢ a Single high spot on the prebe eon. 
Gaet wire, 


é. “he high epote on the steel slate ant the high 


erot on the crobe contact wire have epherical 
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eurfaces with the same radiue of curvature. 
%, Tre effect of the limited size of the probe 
contact wire high enpot is necligible. 

&%. The effect of the deformation of the two high 
goote during thelr sutual creseing is negii- 
gible, 

with these assuaptions it foliows that during the cross- 
ing the maxisum area in contact 1s circular with a diae 
meter equsel to one half of the tape contact distance 
times the crossins, speed divided by the tape speed. 


ynat jie: 





Contact diameter 


Bl tape apeed } 


Therefore, we have defined contact area ee the maximum 
&rea in contact between two high apotse durin thelr 
Mutual grossing. 

The average of the oontact diameters for each 
tape wae computed by dividing the eum of the tare die- 
tance by the number of contacts and converting to oon 
tect dlameter by equation {1). 

Tne Claneter of the averzge oortsect area For each 
tape wee enlculated using a etatiatical eethod to obtain 
the average tape cistance squared and then, after tanning 
the square root, converting te contact dinsweter by ueiny 


equation (1). 
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The etatistical metnoc ean oest be explained by 
referring to Teble AXI, Twenty evenly #epaced intervals 
of tape distance squarcd were aeed, in adiition, the 
first interval was further orokern down into ten evenly 
spaced intervals of clatanee squared, Tnie additional 
breasdovn was used te determine & sore accurate mean 
Value of tape cGistancs equared for the first interval. 
The mean v&lue of tare distanos eguared for all other ine 
tervais is defined as the averare of the extreme tape 
distances «quared for that interval, For ali tenes the 
@pacing of the intervals was euch that the mean value of 
the tape distance equared for any one interval recre- 
sented the same contact area for all tares., aeh of the 
Tew oontact durations which ¢id not fali within the 
twenty intervals was ucen ag though it was the mean value 


of an interval contalaing that one centect durstion. 
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LII. KXSULTS 


The results of this investigation are given in 
Tables I and XX andi in Figures 6, 7, and & The average 
Glameter of the contact areas for each tane ranged from 


1.16 x 1c~4em to 3efi x aap. The diameter of the 


4 os to &.90 x Lo~* 


average area ranuved from 1.93 x 10 
Figure 6 shows the effect of relative velocity, 
loading, an surface finish on the average diameter of 
the contacts and on the Giameter of the average contact 
area. The effect of these three variables is the game on 
both these Glameters. Tecreasing relative velocity de- 
creases these diawetera, inereagsing loading with the 2/0 
surface finieh decreaesse these diameters. Tne coarser 
#1 surface finlen tendea to maxe the size of these diameters 
indepemient of Lloadine. 
the total number of contacts tabulated in Tablee Il 
throuyh KIX is 3,169, ‘Table XX shews that for these total 


contacts 


2,193 have individual contact areas lees than 292 x 107° em” 


2,524 have individual contact areas less than 14.4 x 1075 emé 


1,558 have individual conteet areas lese than 1.46 x 107% en® 


This meane that 80% of the contacte have diameters lesa 

than 4,3 x 107" om, and about 50% of the econtactea have die- 
j 

meters lege than 1.4 x 1lo7*em. ‘hie size distribution of 


contact areag is given in Figures 7 and & These plote 
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show that a etraighnt line relationehip existe between the 
log of tne number of contacts and the Log of the average 


area for lntervals of equal area, 
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IV. DISVUEGIOR OF RESULTS 


The accuracy of the diameter calculations depends 
primarily upon the relation between the measured centact 
duration and the contaot area. kaquetion (1) is exact, and 
therefore tne caiculuted dlameters are correct, provided 
that the assuarptions given in the rvrocetiure are exact. 
Therefore, each agsumotion will be examined to deterzine 
its validity. 

assumption 1: There 1s a single hivh eset on the 
probe contact wire. An atteapt was made to insure the 
exactnese @ef this asagueotion by makin; the exposed end of 
contact wire ae small as ressivie., YYhe exposed end of the 
probe contact wire wis @f ¢llipse with the fellowing meas- 
urements: 


with. 
Se x 10 term 


major axis 
minor axis = 4,3 x io-+em 

Taia shows thet the mean dlameter of tne expesed end of 

the probe contect wire ie of the same order of magnitude 

ag the cinameter of the average contact area, Therefore, 

it is improbable that there 1e more than one high epot on 

the probe contest wire. Hence we can say thet asaunption 

l if probsebly exact. 

AgEuBption 2: The high spots cn the steel plate and 
the high scot on the probe contact wire have spneriosal sur- 


faces “ith the same radius of curvature, Most previous 
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inveatigatora have used elthsr hemlapherical models or 
Circular mouels for their irvestigstion of contact area 
Sizes. Therefore, 1t te felt that the assumption of 
sonerioal surfaces ile a valid one provided that the slate 
surface ie properly finished. To minlvize the cowesibility 
of rjoge shaped oontact areas the plate surface woe fine 
ijehead in two perpendicular directions. The effect of dif- 
ferences in $ne radii of curvature of the mutually crees- 
any igh spots upon the relation between contact curation 
and centact area will be negligible if the radil of cure 
Vature are large. according to previous investigations 
tae angle of rise of the high spote ils small. This meane 
large radii of curvature of the spherical surfaces of the 
high anote. Censequently the effect of differences in 
radii of survature on the relations between contact durae 
tion anc contact aren is negiigible, Theoretically, while 
assuection 2 must be true for equation (1) to be exact, 
actually, the differences in radii of curveture have e 
N@aligible effect an the caloulated values of contact dia 
meters. 

Aggunption 3: fhe efiect of the limited size of tie 
probe sonteot wire hich spot is nevylicible. The maximum 
area in contact during & creasing is actually liwited te 
the area of tne end of the probe contact wire, Thia area 
he abeut 17.4 x L075 en?, Approximately 26. of the total 
nuzber of the contacts have contact areaa whieh are greater. 


ke Ore actually interested in measuring the contact srea 
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which would exist if the size of the crobe contact wire 
high spot was not limited, The ?act that the contact 
wire gize ie 8c s@all meane that the lerger GOf of dia- 
meters calculated uaing equation (1) would be smaller 
than the dilemeters that we are interested in saleculating, 
The larger 20% of the contact durations add consider- 
ably to the size of the caleulated average diumeter of 
contact and the calculated dlia@eter of the average area. 
Therefore, the limited size of the prove probably has a 
Significant effect on these two calculated averases. 
Aesunption 4: The effect of the deformation of the 


two high srote curing thelr mutual eroessing 1s nevligibvle. 





the hard tungsten crove contact wire will resist deforma~ 
tion. Hence the deforgation will be limited to the 1645 
steel plate. Limiting the deformation to ome hien epet 
Will recuce the effect of defrormation on contact durations. 
ihe effect of any deformation which coes taze rlace will 
be to increase the contact Curation, This would cauee the 
calculations to predict larger contact sizes than actually 
exiat. #hether or not the effect of deformation on contact 
duration introduces algnificant error into the ealeulations 
ig not Baorn., 

in order better to evaluate the Significance of the 
Calculated eizes of the sontects At ia recommended that 
further inveatisation be made to determine the effect of the 
seforaution of contacts on the contect durations. Neverthe- 


lege we can say that equation (1) gives an order of mayne 
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tude aporoximation of the contact diameter. Therefore, 
we oonclule that! 

1. Fre average of the clameters of incdivicual 
gontact areas haa an order of magnitude be- 
tween 1] x 107 "om and 4 x 17 em, 

2. The diameter of the average area of the in- 
dividual contact eress has an order of maxnie 
tude between 2 x lov tom and & x 107 on. 

It ie obvious from the soatter of the data plotted 
in Figure © that the exact effects of the relative veloc. 
ity, surface finish, enc leading on the size of contact 
areag have not bean detersined. Therefore, 1t ise recor 
menced that further investigation be wade to determine the 
affect of variables such ag thead on the size of oontact 
areas. These slote te show seneral trenida of the effects 
of relative velocity, surface finiah, and Leading on the 
ise of contact areaea. Therefore, we conclude that: 

1. Increasing the relative velocity of the aurfaces 

Ln contect probably increages the gise of ine 
divicual sontaet in sliding friction. 

2. inoreasing the loading orobabdly decrereaeae the 
ize of individual sontscta in sliding friction 
for gurfaces finished with 2/0 emery saper, 

3. inereasing the roughness of the surface finish 
probably tends to eliminate the effect of lead 
ing on the size of individual contact in slidine 


friction. 
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Figures 7 and & show the size distribution of con- 
tact areas, The solid line in Figure 7 is @ plot of the 
number of contactsa in each of twenty even area intervals 
Versue the mean area of each interval. In the intervais 
which contain large area contests the ratio of the gern 
area of the interval to the average diameter of the lLnter- 
Val ia relatively close to unity. in the intervals which 
contain the small area contacts the ratio may be much 
greater than unity. Therefore, the solid line in Figure 
{ 18 not a true representation of the sire distribution 
of contact areas since the mean areag plotted for the ine 
tervals containing the email contact areas are conaiderably 
larger than the average area of the contacts in those ine 
tervaics, The averexe area of tne Tirst of the twenty ine 
tervals wks c&iculated by breaking thet interval into ten 
evenly spaced erea intervals ond statistically computing 
the averayxe area for tne first intervai, Thie resulta in 
the plotted point indicated by the arrow in Ficure 7. 
~inge the ratio of mean grea to averase sentect area ap- 
preechea unity &«s the intervale containing the larger con- 
tact areag are approached, it is postulated tnat the re- 
sult of plotting the number of contacts in each interval 
Versus the average contect area for each interval would be 
the dashed line in Fissure 7. This postulation ia sor 
roberated by the plet of the size distribution af the 


contact arere in the first interval whieh le given in 
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Pigure ©, The slope of the straight iine plot in Figure 
6 Je equal te the slope of the dushed line plot in Fig- 
ure 7. The mean area was used as the basis for this plot. 
However, since tne area intervals are mucn emaller in 
this ceee, the ratio of mean ar@a to average Gontact area 
Yor a@11 latervala wili be guch closer to unity. There-~ 
fore, the plet sxiven in Figure & ie a good representation 
¥ the gize @istribution of gontact arens. 

#¢ concluce that the Gistributian of contact area 
ie gueh that the log of the number of contacts bears a 
étraight line relationehin to the log of the average area 
for intervals of equal arenas. Table XX shows the contact 
area distribdvution for all tapes. From Table xX we cone 
Sluce thet: 

1, About 802% of the contact arene have diameters 

less than 4.3 » 107%em, 
@, About $605 of the contact areas have Alametere 
less than 1.4 x 1077. 

it i8 recommended that further statistical analygis of the 
tabulated data should be made for the purcese of explaine 


ing the gize Gletribution cl the coutact areas. 
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18 
Ve. COROCLUSTOGNS 


1. The averaye of the diameters of individual con. 
tact aresa has an orcer of magnituce between 1] x 107 tes 
ang 4 x 107 em, 

2. The diameter of the average area of the indi- 
Vidual contact eress has an order of magnitude between 
2 x loom ana 6 x 107tem. 

3. Increasing the relative velocity of the eurfaces 
in contact probably increases the gize of individual cone 
tacts in sliding friction, 

4, Incretsing the loading prebably dearcaces the 
size of individual contacts in sliding fricticen for sure 
faces finiehed with 2/0 emery paper. 

5 inereasiny the roughness of the surface finieh 
probably tends to eliminate the effect of leading on the 
Size of individual contacts in alidins friction. 

6. The distribution of contact areas is auch that 
the log of the number of contacts bears a straleht line 
relationship to tne log of the averaxze area for intervals 
of equal area, 

{. About 80% of the contact areas have Glameters 
less than 4.3 x 107on. 

6, avout 50% of the contact arens have diameters 


a $. wo Fy 
iegs than 1.4 x 10 “em. 
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VI. AbUOMMAN VATIONS 


1. Further investizstion should be made to ¢eter- 
mine the effect of the deformetion of contects on the cone 


tact durations. 


2. ¥Yurther investipgation should be made to detere 
mine the effeat of variables euch as relative velosity, 
surfece finish, anc loading on the gizes of individual 


contacts in eliding friction, 


3, further statistical analyeis of the tabulated 
Gata ehould ve made for the surpose of oxplainirneg the 


Size distribution of the contact aress, 
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102 2.1 112 3.0 120 1.4 129 1.4 
103 &.0 112 4.7 121 2.1 130 3.2 
104 1.3 113 5.1 122 2.8 132 2. 4t 
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106 $.% 116 2.7 12% 1.7 133 5.8 
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108 4.9 117 2.8 126 17.6 125 2.1 
10g 1.6 116 Bz l27 1.8 
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i 26.7 26 12.2 or 1.3 7é ie 
2 34.6 27 9.7 52 42 77 ah 
306.5 2g 4.9 53 2.5 78 1.9 
a %.9 29 Zef is 1.5 13 Gd 
1.5 30 326 55 1.4 &O 5.8 
6 5.8 32 3.9 BG 567 $1 £65 
ii 5.8 32 6.6 57 5.1 &2 3.8 
é 5.0 33 25.6 5% 11.6 33 11.7 
J 2.1 34 3 59 2.7 Bea 1.7 
10 2.2 35 6.1 xe 5el a5 2.1 
il #2 36 2.4 61 3.6 8S 10.5 
12 3.9 37 8.5 62 2.2 &7 1.2 
13 2.2 36 1.4% 63 3.6 3s 1.9 
14 565 39 43 64 el £9 5 
15 1.6 4O 2.1 65 4G 90 2.8 
16 2.0 | 7.3 66 2.4 91 2.0 
17 18.3 42 42 67 14.0 92 2.4 
14 bes Ly 6.3 55 3.4 g3 L.7 
19 32.6 ipa 17.2 69 4k 9% 5. 
BO 3.8 4S 3.4 7o &.0 95 3.1 
21 12.1 46 10.4 7l 2.1 96 4.0 
22 3.0 Q7 3.8 j2 BT a7 & 
23 3.2 pg 3.2 73 2.4 9& KO 
ay 24 49 2.0 74 2.0 99 1.7 
25 2.0 ae 2.2 7501 Lue Leaf 
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1 5.1 26 4.7 By 3.0 7é 25.0 
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3 are 2é 5.0 S34 ee 
4 1.4 2g 11.3 by 11.4 {3 2.6 
5 2.2 30 &.3 BE, 1.2 Bi 3.8 
& 5.3 31 6.1 ng 2,U #1 8 
i 5.0 ae 55 .@ 7 S.2 Bz 2.% 
& 18.% 33 6. ot) 3.6 83 1.0 
,) 3.6 34 1.3 59 55.0 Sh £.0 
19 4S 35 7.0 602343 5 =: 2h. 
12 6.1 36 Tot 62 2U.9 86 &.9 
12 47 37. ——i«S YD 62 i7.6 87 2.0 
13 2s.7 3g 1.4 6% 7.5 e. 66.5 
14 5.2 By) 54 G4. 6.5 £9 9.9 
1*, 47 aC 55, 65 Bt 90 20.3 
lo 2.7 KY 5.2 ér 11,5 a1 14.0 
17 9.9 42 3.9 67 0 92 8.6 
1g 3.2 4s 17.% it 11.2 93 22.6 
Ly bed Hy 5G 69 12.0 yh 1&.7 
20 25.3 385 7.5 Fo 24.7 oo 8% 
21 8.4 UG 14.6 72 t.7 56 %.6 
22 2.0 47 5.3 72 16.3 oT be 
3 BS Ls §.5 13 7. tt of 3,4 
2k 7 ae, GG 74 15.2 5 6.0 
25 7.0 bo 2.2 75 1.3 Low 3aF 






=e 


TELS RR ESE EHSESSESE SS OK Rees 
psaasesSenssinssose $s32:7 
BESS KE EERE RP ERTARTD AVES 
Gbccdssdesseseeege2s iter: 
Sag eeeeeeRSSSBERBESA ESS res 








os 
ifpsAdnsoxiSsinaadedissteds 





"AREER SEES BER PS ReERS ts se ee? 
[pnéazeesadaedediesta220:5 


= 


2 





101 
102 
103 


TAPE CONTAOT DISTANCES (mm) FOS TAPE Re. 15 


DISTANCE 


8G 
32.6 
84.4 


ev 


5.1 
3e9 
ore, 
564 
18.8 


2¢.5 


No. 


fable XVi 
DINTARCE Ko. 
4.7 L2h 
5.3 122 
47.2 123 
£.6 124 
10.0 125 
aes 126 
10.8 127 
%.7 128 
18.3 129 
40 LW 


Di STamck 


9.8 
fed 
Tek 
% oO 
oh 
20,0 
54 4 
22.5 
9.0 


5. Gi 


BO. 
131 
132 
133 
134 
135 
136 
137 


nm 46 


DISTANCE 


18.2 
ko Lo 


40.9 








ee 


SASZAZARASEZAe AE YEO eee eh eae 
MST SSVIASS 2 f 
SEPSAASAS SE TP ttt. 











iereerrrer ts ,tuwiaee 
jis 725355 





> 


% 





- 
- Cesc= « @ & & &'o 


27 
16.0 
5.3 
6.3 
1.6 
2.9 
3.0 
7.9 
B.é 
7.9 
15.7 


yer See tak Fak 


‘Pable XVIL 
TAPE GUNTAUT SISTARUES (mu) FOU TAPE No. 16 
‘Wo. DISTANCE Bo. YISTARUZ Mo. SIeTAMe: wo. bieraNcE 


aot 
1.5 
4.5 
5.0 
a | 
.9 
3.2 
2.9 
3.5 
3.5 
boo 


svwvertsesse 


24.9 
@1.u 
ae 
2.6 
25.8 
6.2 
4.0 
15.8 
5.8 


Fad 


Go 





16.0 
t& 
7.4 
2.0 
pre 
85 

11.6 
£.6 

56.8 

15.6 


' 


gpegeacazal 


CP eeee tas eEe 


LL} 


eet 








s% 





t 


Nea 
“ 
” 
‘“ 
“ 
aT 
“ 
id 
ow 
se 
¥ 


‘J 





y 
' 













: 
as 





aretececete 
pease eee 


Awe! 





Nod Mh aaa 


mon 


Att 


6 


V 


t i 


TAPE CONTACT LISTARCES (me) FU TAPR Bo. 17 


DISTARCE 
2.6 


303 


05 


34.7 
5.7 
12.1 
4.5 
1.9 
3.6 
3.7 


RO» 
26 
27 
2é 
eg 
3G 
32 
3e 
33 
34 
35 
36 
at 
pte 
39 
4) 
41 
42 
43 
4 
25 
26 
a7 
et 
4g 


50 


DISTANCE 
5.8 
S.A 
6.0 
4.6 
a.5 
sof 
29 
A! 

22.9 
11.8 
9.6 
ee5 
2.0 


72 


No. 
Bl 


WI STANCE 
4.1 
10.9 
5.6 
2.4 
>. 7 
£.8 
1.4 
8.5 
4+ 
6.3 


4.2 


Ro. 


76 
7 
18 
19 
60 
él 
b2 
83 
Ste 
oo 
&6 
of 
8 


& 47 


DISTANCE 
10.2 


6.9 
2.1 





Taw wee ee BGS 


= = 
“scroneee ¢2igera: 


yo 
oof 


a.° 


SES AAASK PR SRE KC ETAT tes 
jee SSSO SHEER 2284272 
2a GSES PE FBARBT2Rse 
iJesesspsonsets: eas ea 
“ER cbeSSOGSCZRBCE ESTE ESYES 


3 [Pesecespanererazaeztsa: 


4.4 





- 


= 





ve 
Vi 


$.8 
4 
ta 


3.4 
$.6 
’.% 


t.af 


iv 


4.¢ 
cans 
{.\F 


vy 


gi 


a! 


101 
102 
103 
Lot 


Table XVili 


TAPE CONTACT DISTANCES (mm) FOU TAPRL No. 17 


wi STARCE 


{.U 


£ &, 
ae? 


(ot 
pre 
Sef 
D9 


Ho. 
126 
L2/ 
12% 
129 
130 
1321 
Lie 
133 
134 
i355 
136 
LB] 
13 
139 
Li 

141 
Lae 
143 
144 
L45 
146 
147 
146 
149 
150 


JLOTA gt 


3.7 
2.6 
2.0 
2.8 
2.8 
5.6 
2.2 
309 
43 
2.4 
fel 
9.3 


Ho. 
152 
Le 
155 
154 
155 


199 
Léo 


DIS TARGS 


38.6 
2.5, 
14.3 
17.3 
bo 
4.6 
%.8 


No. 
176 
177 
17é& 
17S 
280 
142 
142 
183 
1&4 
185 
186 
127 
184 


A 4S 


= 
= 





233 





t— 


TUASPSRATDETE 


Ere 
PEFEESEP FEES E CESS 


"ye =e 
- = 
~ 





ts 
a4 
t 
ee 
Ph 
Bad. 








he 





¥ 








2 





. 





= 


ar 








: 





\ 
a 
wu 


aie 





ol 














peaggecetreeagl 


shale Ada ldaieisindiebdishily® 


RETR EES 


6& 


* 
nN 


eee 





: 


S2222% 


ae 


J 


PECRERRECER ETE SAE 


+: 


te 
r. 
Bey 


iL 


PPHERERERERRESERERSEEEZ ESE RS 





A 49 


adle xXViil 
TAPG CONTACT DIBTANCES (am) PUR TAPR Ko. 17 
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201 5.6 220 22.6 239 6.0 258 4.0 
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z16 7.% 229 #2.0 24g 4.7 207 1.7 
212 2.8 240 %9 eug 1l.w 268 5.9 
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1 5.3 26 2.0 52 Lu.) 76 $.2 
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10 7.4 35 8.0 bo 3.3 aS 3.3 
11 7.4 36 2.2 61 2.3 &6 13.6 
12 42 37 3.6 b2 4g 27 419.9 
13 24.0 38 23.0 63 3.7 BH 62.0 
14 56.6 39 aS Sh 12.5 ag 9.8 
15 6.0 LO &.9 65 2,4 JO 24.7 
lo 4% HL og Go 2.0 9% ‘Ot 
1] 03 42 13.0 b7 4% 92 6.9 
18 13.2 43 944 ot &.0 93 2.3 
19 3.¢ tha 6.2 59 11.6 94. ooh 
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SAA TLE CALCULATIONS 
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